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Precision measurements of the structure of nucleons and nuclei in the regime of strong
interaction QCD are now possible with the availability of high current polarized electron
beams, polarized targets, and recoil polarimeters, in conjunction with modern spectrom-
eters and detector instrumentation. We present some recent results from the Jefferson
Lab on the charge and current distributions of nucleons and nuclei. We also review mea-
surements which relate physics at small distances to the regime where strong interaction
QCD is the relevant theory.

1. Introduction

The Continuous Electron Beam Accelerator Facility (CEBAF) at the Thomas Jeffer-
son National Accelerator Facility is devoted to the investigation of the electromagnetic
structure of mesons, nucleons, and nuclei using high energy-and high duty-cycle electron
and photon beams. : .

CEBATF is a superconducting electron accelerator with an initial maximum energy of
4 GeV and 100 % duty-cycle. Three electron beams with a maximum total current of
200 1A can be used simultaneously for electron scattering experiments in the experimental
areas, Halls A, B, and C. The accelerator design concept is based on two parallel super-
conducting continuous-wave linear accelerators joined by magnetic recirculation arcs. The
accelerating structures are five-cell superconducting niobium cavities with a nominal av-
erage energy gain of 5 MeV/m. The accelerator performance has met all design goals,
achieving 5.5 GeV for physics running, and delivering high quality beams with intensity
ratios exceeding 108:1. For over a year the electron beam has been produced using a
strained GaAs photocathode delivering polarized electrons (P, > 75%) simultaneously
to all three halls, completing in excess of 200,000 pA-hours.

Three experimental areas are available for simultaneous experiments, the only restric-
tion being that the beam energies have to be multiples of the single pass energy. The
halls contain complementary equipment which cover a wide range of physics problems:
Hall A has two high resolution magnetic spectrometers with 10~* momentum resolution
in a 10% momentum bite, and a solid angle of 8 msr. Hall B houses the large accep-
tance spectrometer, CLAS. Hall C uses a combination of a high momentum spectrometer
(10~% momentum resolution, 7 msr solid angle and maximum momentum of 7 GeV/c)
and a short orbit spectrometer optimized for the detection of low-energy particles. To
date, twelve experiments have been completed (two partially completed) in Hall C, ten
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where the subscripts e and e’ refer to the incident and scattered electron respectively. The
polarization normal to the scattering plane must be zero and can serve as a systematic
check. Since the ratio G%/G%, is accessed directly, this experiment has smaller systematic
uncertainties than previous experiments at high Q* (Figure 1). This experiment confirms
the trend of the early data, and extends the Q? range to 3.5 GeV?, where the electric form
factor has dropped to 60% of the value of the magnetic form factor. The data illustrate
beautifully the power of polarization in electromagnetic interactions. The experiment will
be continued to higher momentum transfer in the year 2000 [12].
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Figure 1. (a) The ratio p,G%/G% from this and the CLAS detector.

experiment, compared with theoretical cal-
culations. (b) The ratio Q*F}/F! for the
same data, compared to the same theoretical
models as in (a) and world data.

2.2. The yNA transition.

The lowest excitation of the nucleon is the A(1232) ground state. The electromagnetic
excitation is due predominantly to a quark spin flip corresponding to a magnetic dipole
transition. The interest today is in measuring the small electric and scalar quadrupole
transitions which are predicted to be sensitive to the possible deformation of the nucleon
or the A(1232) [13]. Contributions at the few percent level may come from the pion
cloud at large distances, and gluon exchange at small distances. An intriguing prediction
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Figure 3. ty at §.=70° and monopole (G¢) and quadrupole (Ggq) charge form factors
of the deuteron compared to theoretical predictions; dotted line (NRIA) and full line
(NRIA+MEC+RC); relativistic models with dashed line and and long dashed line; pQCD
calculations with dashed- dotted line and long dashed-dotted line.

There is significant interest in the high @? behavior of these form factors because they
probe the short distance behavior of the nucleon-nucleon interaction. A large variety of
models have been developed to describe the form factors for a wide range in distance
scales, from hadronic models to descriptions within the framework of perturbative QCD.
Nevertheless, the data are described by modern hadronic models. Even the approach to
scaling can be understood within these models, so that quark-gluon degrees of freedom
need not be invoked to describe the data even at the highest momentum transfers.

4. The Nucleon Spin Structure - from Small to Large Distances

The internal spin structure of the nucleon has been of central interest ever since the
EMC experiment found that at small distances the quarks carry only a fraction of the
nucleon spin. Going from small to large distances the quarks get dressed with gluons and
qq pairs and acquire more and more of the nucleon spin. How is this process evolving with
the distance scale? At the two extreme kinematic regions we have two fundamental sum
rules: the Bjorken sum rule (Bj-SR) which holds in the asymptotic limit, and is usually
written for the proton-neutron difference as

@) = Jim [ol@Q)dr ~ [ 6}z, Q7dz = - (4)
At the finite Q? where experiments are performed, QCD corrections have been calculated,
and there is good agreement between theory and experiment at Q* > 2 GeV?. At the
other end, at Q% = 0, the Gerasimov Drell-Hearn sum rule (GDH-SR) is expected to hold:

M2 0'1/2(1/) — 0'3/2(1/) 1 2
812 / v av = 1" (6)

The integral for the difference in helicity 1/2 and helicity 3/2 total absorption cross
sections is taken over the entire inelastic energy regime. The quantity « is the anomalous

IGDH
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Figure 4. Double spin asymmetry measured using the CLAS detector for the exclusive
channel €5 — ennt at three values of Q2.

effects. This behavior may be understood as the probabilicy for scattering off free quarks
at large Q? is the same as scattering off constituent quarks at lower energies. Until recently,
this intriguing observation was little utilized. A new inclusive ep scattering experiment at
JLAB [35] helped rekindle the interest in this aspect of hadron physics by testing the limits
of this conjecture resonance by resonance (local duality) and at very small Q?. Figure 6
shows that the structure functions F, for hydrogen and deuterium in the resonance region
oscillate around the DIS curve (NMC). The measurements of F in the resonance region
and small Q? tend toward zero, similar to the valence quark distributions in the deep
inelastic region. This can be understood by noting that the distribution of perturbative
sea quarks is expected to be small at Q? = 0, and the behavior of non-perturbative sea
quarks has valence-like behavior in Regge phenomenology [36].

6. Photoproduction at large momentum transfer

A significant fraction of the program at Jefferson Lab has been devoted to experiments
with photon beams which we have not detailed here due to the lack of space. The interest
in these reactions stems from the fact that they allow relatively high momentum transfer
to the constituents at modest photon energies. An example of such experiments is the two-
body photo-disintegration of the deuteron (yd — pn), which has been used to investigate
constituent-counting rules and the transition from meson-nucleon degrees of freedom to
quark-gluon degrees for freedom [37]. Another experiment has recently been completed
with CLAS to measure the photo-production of ¢-mesons for momentum transfers up
to 4.5 GeV?. The data support models that decompose the Pomeron into its simplest
components, namely two gluons which couple to quarks inside the ¢ and the proton [38].
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